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DVVXPLQJWKDW)(? (?)ZKLFKLVW\SLFDOO\WUXH>@ LVFOHDUWKDWWKH
PDJQLWXGHVRI,B&7,B&7DQG,B&7,B&7FDQQRWH[FHHGHYHQ
LQ IDXOW FRQGLWLRQV +RZHYHU WKH VDPH FDQQRW EH VDLG DERXW
,B&7,B&7DQG,B&7,B&7DVWKHLUPDJQLWXGHVFRXOGH[FHHG
GHSHQGLQJ RQ WKH YDOXH RI WKH IDFWRUV $ % & DQG ) 0RUH
LPSRUWDQWO\ WKHUH LV QR UHODWLRQ EHWZHHQ WKH ORFDWLRQ RI WKH 63*
IDXOWLQWKHFORVHGORRSIHHGHUHJLQEHWZHHQ&7DQG&7LQWKLV
DQDO\VLVDQGWKHPDJQLWXGHVRIWKHH[DPLQHGUDWLRV7KHUHIRUHE\
REVHUYLQJ WKHVH UDWLRV LQ D ORRS IHHGHU RQO\ WKH SUHVHQFH RI WKH
63*IDXOWFDQEHLQGLFDWHGEXWQRWLWVH[DFWORFDWLRQ
5DGLDOIHHGHU
,I &% LV RSHQHG WKH FRQVLGHUHG ORRS IHHGHU EHFRPHV UDGLDO DQG
WKHORDGDQGIDXOWFXUUHQWVZLOOEHVXSSOLHGIURPDVLQJOHGLUHFWLRQ
WKURXJK&7,Q WKLVVLWXDWLRQ WKHPDWKHPDWLFDOH[SUHVVLRQRI WKH
UDWLR EHWZHHQ WKH ]HURVHTXHQFH DQG SRVLWLYHVHTXHQFH RI WKH
FXUUHQW VHHQ E\ &7 LV JLYHQ LQ  $JDLQ WKH PDJQLWXGH RI
,B&7,B&7 LV ]HUR RQO\ LQ KHDOWK\ FRQGLWLRQV DQG LW LQFUHDVHV
VLJQLILFDQWO\GXULQJWKH63*IDXOWEXWLWZLOOQRWH[FHHG
I0_CT1
I1_CT1
=
I1_F
I1_L1 + I1_L2 + I1_L3 + I1_F

,B&7,B&7 DQG ,B&7,B&7 DUH ]HUR LQ ERWK KHDOWK\ DQG IDXOW
FRQGLWLRQVIRUWKHFRQVLGHUHG63*IDXOWZLWK&%RSHQDVWKHIDXOW
FXUUHQW GRHV QRW SDVV WKURXJK &7 DQG &7 $OVR QR FXUUHQW
SDVVHVWKURXJK&7EHFDXVH&%LVRSHQWKHUHIRUH,B&7,B&7LV
]HURLQWKLVVLWXDWLRQ
,I &% LV RSHQHG ZKLOH &% LV NHSW FORVHG WKH IHHGHU LV
VXSSOLHGIURPWKHRSSRVLWHGLUHFWLRQWKURXJK&7,QWKLVVLWXDWLRQ
QRFXUUHQWZLOOSDVVWKURXJK&7ZKLOHWKHIDXOWFXUUHQWSURGXFHG
E\WKHFRQVLGHUHG63*IDXOWLVQRWLFHGE\DOORIWKHRWKHU&7V7KH
UDWLR EHWZHHQ WKH FXUUHQW ]HURVHTXHQFH DQG FXUUHQW SRVLWLYH
VHTXHQFHDVVHHQE\WKRVH&7VLVJLYHQLQWKHIROORZLQJHTXDWLRQV
I0_CT2
I1_CT2
=
−I1_F
−I1_L1 − I1_F

I0_CT3
I1_CT3
=
−I1_F
−I1_L1 − I1_L2 − I1_F

I0_CT4
I1_CT4
=
−I1_F
−I1_L1 − I1_L2 − I1_L3 − I1_F

'XULQJWKH63*IDXOW,B&7,B&7,B&7,B&7DQG,B&7,B&7
DUHGLIIHUHQWIURP]HUREXWWKHLUPDJQLWXGHVFDQQRWH[FHHGZLWK
&%RSHQDV±LQGLFDWH5HODWLRQV±DOVRLQGLFDWH
WKDWLQDUDGLDOIHHGHUWKHFORVHVWXSVWUHDP&7WRD63*IDXOWZLOO
QRWLFH WKH KLJKHVW PDJQLWXGH RI WKH UDWLR EHWZHHQ WKH ]HUR
VHTXHQFH FXUUHQW DQG SRVLWLYHVHTXHQFH FXUUHQW ,QGHHG _,B&7
,B&7_!_,B&7,B&7_!_,B&7,B&7_ DV &7 LV WKH FORVHVW &7 WR
WKHORFDWLRQRIWKHDQDO\VHG63*IDXOWIROORZHGE\&7
7DEOHVXPPDULVHVDQDO\VLVRIWKH63*IDXOWE\SUHVHQWLQJWKH
SRVVLEOH YDOXHV RI WKH PDJQLWXGH RI WKH UDWLR EHWZHHQ WKH ]HUR
VHTXHQFH DQG SRVLWLYHVHTXHQFH RI WKH FXUUHQWV VHHQ E\ WKH &7V
LQGLFDWHGLQ)LJIRUYDULRXVFRQILJXUDWLRQVRIWKHDQDO\VHGORRS
IHHGHU
௑3URSRVHGPHWKRGRISURWHFWLRQ
%DVHG RQ WKH DQDO\VLV RI 63* IDXOWV LQ 6HFWLRQ  WKLV VHFWLRQ
SUHVHQWV D QHZ SURWHFWLRQ DOJRULWKP WKDW LV DSSOLFDEOH WR FORVHG
ORRSIHHGHUVZLWKWKHDLGRIFRPPXQLFDWLRQ$VDOUHDG\PHQWLRQHG
LQIRUPDWLRQ SURYLGHG E\ WKH PDJQLWXGH RI ,B&7,B&7
,B&7,B&7 ,B&7,B&7 DQG ,B&7,B&7 DOORZV
DFFXUDWH ORFDOLVDWLRQ RI WKH IDXOWHG VHFWLRQ RI WKH IHHGHU RQO\ LQ
UDGLDO IHHGHUV ZKLOH LQ ORRS IHHGHUV WKHVH TXDQWLWLHV FDQ LQGLFDWH
RQO\ WKH SUHVHQFH RI WKH 63* IDXOW 3UHFLVHO\ WKLV LQIRUPDWLRQ LV
XVHGLQWKLVSDSHUWRSURWHFWDORRSIHHGHUXVLQJWKHUDWLREHWZHHQ
WKH]HURVHTXHQFHDQGSRVLWLYHVHTXHQFHRIWKH&7VFXUUHQWVGXULQJ
WKHIDXOW
&RQVHTXHQWO\WKLVSDSHUSURSRVHVWKDWGXULQJWKH63*IDXOWWKH
FORVHGORRSIHHGHU LVRSHQHGDWRQHHQG WKXVEHFRPLQJUDGLDO ,Q
WKLVZD\WKHSURWHFWLRQSUREOHPRIDORRSIHHGHULVUHGXFHGWRWKH
SURWHFWLRQ RI D UDGLDO IHHGHU 7KHQ E\ FRUUHODWLRQ RI WKH
DIRUHPHQWLRQHGUDWLRVXVLQJFRPPXQLFDWLRQWKHIDXOWHGVHFWLRQRI
7DEOH(? 6XPPDU\RIUDWLREHWZHHQWKH]HURVHTXHQFHDQGSRVLWLYHVHTXHQFHFXUUHQWVDVVHHQE\&7VRIWKHORRSIHHGHU
VKRZQLQ)LJ
5DWLR 0DJQLWXGHLQ63*IDXOWFRQGLWLRQV 0DJQLWXGHLQDEVHQFHRI63*IDXOW5)(? (?
&ORVHGORRSIHHGHU 2SHQORRS&%RSHQ 2SHQORRS&%RSHQ
I0_CT1
I1_CT1
 (? (?  (? (?
I0_CT2
I1_CT2
WKHRUHWLFDOO\QROLPLW  (? (? (? (?
I0_CT3
I1_CT3
WKHRUHWLFDOO\QROLPLW  (? (? (? (?
I0_CT4
I1_CT4
  (? (? (? (?

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7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\

WKH IHHGHU LV LGHQWLILHG DQG GLVFRQQHFWHG E\ WKH DSSURSULDWH &%
:KHQ WKH63* IDXOW LV FOHDUHG WKH IHHGHU LV VXSSOLHG DJDLQ IURP
ERWKRI LWV HQGV WKXV HQVXULQJ WKDW RQO\ WKHPLQLPXPDPRXQW RI
FRQVXPHUV DUH RXW RI VHUYLFH 7KH GHVFULEHG DOJRULWKP RI
SURWHFWLRQLVLOOXVWUDWHGLQ)LJLQVL[VWHSVXVLQJWKHORRSIHHGHU
VKRZQLQ)LJ5[GHQRWHVWKHSURWHFWLRQUHOD\VZKHUH[LVWKHWDJ
RIWKHUHOD\DOOOLQNHGE\DFRPPXQLFDWLRQFKDQQHO
2SHUDWLRQRI&%GXULQJWKHIDXOWLVVLPLODUWRWKHRSHUDWLRQRI
D UHFORVHU ZLWK WKH REVHUYDWLRQ WKDW LQ WKH SURSRVHG SURWHFWLRQ
VFKHPH&%VKRXOG VWD\RSHQ ORQJHQRXJK WRDOORZGHWHFWLRQRI
WKHIDXOWHGVHFWLRQRIWKHIHHGHU7KHWLPHLQWHUYDOEHWZHHQRSHQLQJ
DQGFORVLQJRI&%GHSHQGVRQFRPPXQLFDWLRQVSHHGEHWZHHQWKH
UHOD\V
௑&DVHVWXGLHVDQGVLPXODWLRQUHVXOWV
'HVFULSWLRQRIWKHWHVW09ORRSIHHGHU
2SHUDWLRQ RI WKH SURWHFWLRQ VFKHPH SURSRVHG LQ WKLV SDSHU LV
GHPRQVWUDWHG LQ D FORVHGORRS 09 IHHGHU SRZHUHG E\ D XWLOLW\
)LJ௒'HVFULSWLRQRIWKHSURSRVHGSURWHFWLRQDOJRULWKP

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7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\
VRXUFHFKDUDFWHULVHGE\YDULDEOHVKRUWFLUFXLWSRZHU,QWKLVVHQVH
WKHSURWHFWLRQVFKHPHLVLPSOHPHQWHGXVLQJ36&$'LQWKHWHVW09
PLFURJULGLOOXVWUDWHGLQ)LJRSHUDWLQJDWDUDWHGYROWDJHRI(?
N97KHWHVWPLFURJULGFRQVLVWVRIVL[ORDGVWDSSHGRQDORRSIHHGHU
DQGSRZHUHGE\WKHPDLQJULGRUE\D(팀M9$FRPELQHGKHDWDQG
SRZHU&+3SODQW,I WKHPDLQJULGLVQRWDYDLODEOH WKHQWKHWHVW
PLFURJULG RSHUDWHV LQ DQ LVODQGHG PRGH VXSSOLHG E\ WKH &+3
SODQW 7KH PDLQ JULG LV PRGHOOHG XVLQJ DQ LGHDO YROWDJH VRXUFH
SODFHGEHKLQGD(팀k9WUDQVIRUPHUZLWKDUDWHGSRZHURI(?
09$ 7KH IHHGHU FRQVLVWV RI VL[ FDEOHV PRGHOOHG XVLQJ WKH ʌ
PRGHO ZKLOH WKH HOHFWULF FRQVXPHUV DUH PRGHOOHG DV FRQVWDQW
SRZHUORDGVZLWKDSRZHUIDFWRURI&%VDQG&7VDUHDVVXPHG
WREHLGHDO7KHPDLQSDUDPHWHUVRIWKHORDGVDQGFDEOHVDUHJLYHQ
LQ 7DEOHV  DQG  UHVSHFWLYHO\ 7KH &+3 SODQW LV PRGHOOHG DV D
WKUHHSKDVH V\QFKURQRXV JHQHUDWRU GULYHQ E\ DQ LQWHUQDO
FRPEXVWLRQHQJLQHXVLQJWKHVWDQGDUGPRGHOVDYDLODEOHLQ36&$'
3DUDPHWHUV RI WKH &+3 SODQW DQG RI WKH SRZHU WUDQVIRUPHU DUH
JLYHQLQ>@
7KH SURWHFWLRQ V\VWHP FRQVLVWV RI VL[ UHOD\V WKDW DUH DEOH WR
WUDQVPLWWKHLUFRUUHVSRQGLQJUDWLRVEHWZHHQWKH]HURVHTXHQFHDQG
SRVLWLYHVHTXHQFH FXUUHQWV WR WKH RWKHU UHOD\V DQG EDVHG RQ WKH
FRUUHODWLRQ RI WKHVH UDWLRV WR WULS WKH DGHTXDWH &% $ PLQLPXP
WKUHVKROGLVGHILQHGIRUWKHPDJQLWXGHRIWKHUDWLREHWZHHQWKH]HUR
VHTXHQFHDQGSRVLWLYHVHTXHQFHRI WKHFXUUHQWVHHQE\HDFKUHOD\
EHORZ ZKLFK WKH UDWLR LV DVVXPHG WR EH ]HUR ,Q WKLV SDSHU WKH
WKUHVKROG LVVHW WRDQG LWVSXUSRVH LV WRDYRLGD IDOVH WULSSLQJ
:KHQ WKH 63* LV GHWHFWHG E\ D UHOD\ WKH FORVHGORRS IHHGHU LV
RSHQHGE\WKHRSHQLQJRI&%DQGWKHQUHFORVHGDIWHU(팀s$OVR
WKHWULSSLQJRIWKHUHOD\VLVGHOD\HGLQVLPXODWLRQVE\(팀sLQRUGHU
WRDOORZDEHWWHUREVHUYDWLRQRIWKHUDWLREHWZHHQWKH]HURVHTXHQFH
DQGSRVLWLYHVHTXHQFHFXUUHQWV
2SHUDWLRQRIWKHSURWHFWLRQV\VWHP
,Q WKLVVHFWLRQ WKHRSHUDWLRQRI WKHSURSRVHGSURWHFWLRQV\VWHPLV
H[DPLQHG LQ ERWK JULGFRQQHFWHG DQG LVODQGHG PRGHV RI WKH WHVW
09 PLFURJULG $ EROWHG 63* IDXOW LV DSSOLHG RQ SKDVH D LQ WKH
PLGGOH RI &DEOH  DQG UHJDUGOHVV RI WKH PLFURJULG
V RSHUDWLQJ
PRGH WKHIDXOWHGVHFWLRQRI WKHIHHGHUVKRXOGEHGLVFRQQHFWHGE\
WKHRSHQLQJRI&%DQG&%7KHUHVXOWVDUHSUHVHQWHGLQ)LJIRU
WKHJULGFRQQHFWHGPRGHDQGLQ)LJIRUWKHLVODQGHGPRGHRIWKH
PLFURJULG,QERWKILJXUHVWKHUHVSRQVHRIWKHSURWHFWLRQV\VWHPWR
WKH63*IDXOWFDQEHIROORZHGE\REVHUYLQJWKHVWDWXVRI WKH&%V
DQGWKHHYROXWLRQLQWLPHRI,,UDWLRIRUDOOUHOD\V
,QERWKVLWXDWLRQVWKH63*IDXOWRFFXUVDW(팀sDIWHUWKHVWDUWRI
VLPXODWLRQ DQG DOO UHOD\V GHWHFW D VLJQLILFDQW LQFUHDVH RI WKH
PDJQLWXGHRI ,, UDWLRFDXVHGE\ WKHSUHVHQFHRI WKH IDXOW$VD
UHVXOW &% LV RSHQHG DIWHU (팀s IURP WKH IDXOW LQFHSWLRQ DQG
VKRUWO\ WKHUHDIWHU WKH UDWLRV VHHQ E\ 5 5 5 DQG 5 DUH ]HUR
DJDLQEHFDXVHWKHIDXOWFXUUHQWGRHVQRWIROORZWKHLUSDWKDQ\PRUH
+RZHYHUWKHPDJQLWXGHRI,,UDWLRVHHQE\5UHVSHFWLYHO\5
DUH VWLOO VLJQLILFDQWO\ JUHDWHU WKDQ ]HUR GXH WR WKH IDFW WKDW WKH
HQWLUH IDXOW FXUUHQW IORZV QRZ WKURXJK WKH &7V DVVRFLDWHG ZLWK
)LJ௒7HVW09PLFURJULG

7DEOH(? /RDGGDWD
/RDG /RDG /RDG /RDG /RDG /RDG /RDG
3RZHUN9$      

7DEOH(? 3DUDPHWHUVRIWKHFDEOHV
(OHFWULFFDEOH 5HVLVWDQFHPȍ ,QGXFWDQFHȝ+ &DSDFLWDQFHQ)
&DEOH   
&DEOH   
&DEOH   
&DEOH   
&DEOH   
&DEOH   

-(QJ9RO,VVSS
7KLVLVDQRSHQDFFHVVDUWLFOHSXEOLVKHGE\WKH,(7XQGHUWKH&UHDWLYH&RPPRQV$WWULEXWLRQ/LFHQVH
KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\

WKHVH UHOD\V ZLWK WKH KLJKHVW PDJQLWXGH RI ,, UDWLR QRWLFHG E\
5  LQ JULGFRQQHFWHG PRGH UHVSHFWLYHO\  LQ LVODQGHG
PRGH7KHSURWHFWLRQV\VWHPGHWHFWVFRUUHFWO\WKDW5LVWKHFORVHVW
UHOD\WRORFDWLRQRIWKH63*IDXOWZKLFKFDXVHVWKHWULSSLQJRI5
DIWHU(팀sDQGRSHQLQJRI&%WKXVFOHDULQJWKHIDXOWWHPSRUDULO\
&% LV UHFORVLQJ DIWHU DQRWKHU (팀s DQG WKH IDXOW LV UHHQHUJLVHG
ZKLFKFDXVHVDVLJQLILFDQWLQFUHDVHRIWKHPDJQLWXGHRI,,UDWLRV
VHHQE\555DQG5DVWKHIDXOWFXUUHQWIORZVQRZWKURXJK
WKH&7VFRUUHVSRQGLQJWRWKHVHUHOD\V7KH63*IDXOWLVFOHDUHGE\
WKHUHOD\WKDWVHHVWKHKLJKHVWPDJQLWXGHRI,,UDWLRZKLFKLV5
LQ WKLV FDVH  LQ JULGFRQQHFWHG PRGH DQG  LQ LVODQGHG
PRGH &RQVHTXHQWO\ WKH 63* IDXOW LV FOHDUHG LQ (팀s DIWHU LWV
LQFHSWLRQE\WKHRSHQLQJRI&%$VH[SHFWHGWKHIDXOWHGVHFWLRQ
RIWKHIHHGHULVGLVFRQQHFWHGLQWKHHQGE\WKHRSHQLQJRI&%DQG
&% VR WKH SURWHFWLRQ V\VWHP KDV ZRUNHG FRUUHFWO\ IRU WKH
FRQVLGHUHGIDXOWV
6LPLODUUHVXOWVDUHREWDLQHGIRURWKHU63*IDXOWVDSSOLHGRQEXV
EDUVRURWKHUFDEOHVRI WKH WHVW09PLFURJULG ,QHDFKFDVHRQO\
WKHIDXOWHGVHFWLRQRIWKHIHHGHULVGLVFRQQHFWHGIURPWKHQHWZRUN
6LPXODWLRQ UHVXOWV SURYH WKDW WKH SURWHFWLRQ VFKHPH GLVFXVVHG LQ
WKLVSDSHULVDEOHWRFOHDUWKH63*IDXOWVHOHFWLYHO\LQWKHWHVW09
PLFURJULG LQ ERWK JULGFRQQHFWHG DQG LVODQGHG PRGH 0RUHRYHU
WKHYDULDELOLW\RI WKH DYDLODEOH VKRUWFLUFXLW SRZHUGRHVQRW DIIHFW
VLJQLILFDQWO\ WKH SURSRVHG SURWHFWLRQ VFKHPH DV )LJV  DQG 
VKRZ
௑&RQFOXVLRQ
9DULDELOLW\ RI WKH DYDLODEOH VKRUWFLUFXLW SRZHU FDXVHV YDULRXV
SURWHFWLRQ SUREOHPV LQ GLVWULEXWLRQ IHHGHUV SURWHFWHG PDLQO\ E\
2& UHOD\V7KHVHSUREOHPVDUHPRUH VHYHUH LQPLFURJULGVZKLFK
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